Introduction: There is a lack of data on the efficacy and safety of concurrent chemoradiotherapy in elderly, limitedstage, patients with SCLC.
Introduction
Lung cancer is a disease of the elderly with a median age of 71 years at diagnosis. 1 Up to 13% of all lung cancer diagnoses are SCLC and of those 30% are defined as limited-stage disease (LS-SCLC) or stage I-III according to TNM classification. [2] [3] [4] The prognosis of LS-SCLC is poor despite optimal treatment. 2, 3 The current standard of care for fit patients with LS-SCLC is thoracic radiotherapy delivered concurrently with platinum doublet chemotherapy followed by prophylactic cranial irradiation (PCI) in patients without progressive disease. 5 The optimal radiotherapy timing and schedule was investigated in the landmark Intergroup 0096 study which showed improved survival with twice-daily concurrent chemoradiotherapy (45 Gy/30 fractions over 3 weeks) compared to once-daily treatment (45 Gy/25 fractions over 5 weeks) at the expense of higher rates of severe esophagitis. 6 Following the Intergroup 0096 trial results in the late 1990s, concerns regarding toxicity, the low dose of radiotherapy used in the once-daily arm, and logistical issues surrounding the delivery of twice-daily radiotherapy resulted in its poor adoption in routine clinical practice. 7 The CONVERT trial compared twicedaily to once-daily concurrent chemoradiotherapy in the era of modern conformal radiotherapy in LS-SCLC. 8 The results showed no significant difference in survival and toxicity between the two groups establishing twice-daily radiotherapy as the standard of care in good performance status LS-SCLC. Despite no significant difference in outcomes in the twice-daily and once-daily radiotherapy arms in the CONVERT trial, survival rates in both arms were higher than previously reported. 6, 8 Severe toxicity was less compared to that reported in the Intergroup 0096 trial, particularly radiation esophagitis. 6, 8 The improved outcomes were thought to reflect advances in staging and supportive management of LS-SCLC in the last 2 decades, alongside the use of modern radiotherapy techniques.
The optimal treatment for older patients with LS-SCLC is not established. The prognostic role of age remains unclear with conflicting results from retrospective studies. [9] [10] [11] [12] [13] [14] [15] Corso et al. 16 recently showed an overall survival (OS) benefit of 6.3 months with modern chemoradiotherapy in a population-based analysis of 8637 patients aged 70 years or older with LS-SCLC. However, there is a lack of high-level evidence to guide treatment in older patients as a result of their underrepresentation in clinical trials. 17, 18 Consequently, and also due to concerns regarding increased treatmentrelated toxicity, or poorer tolerance of treatmentrelated toxicity, older patients are less likely to receive standard of care treatment with the potential risk of under-treatment. 19 In this analysis, we aimed to evaluate the outcomes of older patients randomized to the CONVERT trial to inform treatment decisions in older patients in the era of modern chemoradiotherapy.
Materials and Methods

Trial Design
Details of the trial design have been published previously. 8 Briefly, the CONVERT trial was an international, multicenter, phase III randomized controlled trial. The main eligibility criteria were: age 18 years of age or older; Eastern Cooperative Oncology Group performance status (PS) 0-1 (on a scale of 0 to 5, with 0 indicating no symptoms and higher numbers reflecting greater disability), 20 patients with PS 2 due to disease-related symptoms and not comorbidities; maximum of one of the following adverse biochemical factors: serum alkaline phosphatase more than 1.5 times the upper limit of normal, serum sodium less than the lower limit of normal, serum lactate dehydrogenase more than the upper limit of normal. Patients were randomized to receive either twice-daily radiotherapy (45 Gy/30 twice-daily fractions over 19 days) or once-daily radiotherapy (66 Gy/33 daily fractions over 45 days) concurrently with chemotherapy. Radiotherapy commenced on day 22 of cycle 1. Threedimensional conformal radiotherapy was mandatory and elective nodal irradiation was not permitted. Staging with positron-emission tomography -computed tomography and the use of intensity-modulated radiotherapy were permitted but not mandated. A radiotherapy quality assurance program was set up, the details of which have been reported previously. 8 Chemotherapy consisted of 4 to 6 cycles of cisplatin and etoposide every 3 weeks in both groups (etoposide 100 mg/m 2 intravenously on days 1-3 and cisplatin 75 mg/m 2 intravenously on day 1 or cisplatin 25 mg/m 2 intravenously on days 1-3 of the cycle). Each center elected to prescribe 4 or 6 cycles for all their trial patients. Patients without evidence of progressive disease on computed tomography scan and with no clinical evidence of brain metastases were offered PCI no later than 6 weeks following the last cycle of chemotherapy. There was no upper age limit in the CONVERT trial.
Patients were followed-up for 5 years after treatment. All participants gave written informed consent to participate and the study was conducted according to the Declaration of Helsinki and Good Clinical Practice Guidelines. The protocol was approved by the institutional review board or the research ethics committee at each study center.
Outcomes and Statistical Analysis
The outcomes of the age-subgroup analysis were OS (defined as the time from randomization until death from any cause); progression-free survival (PFS) measured from randomization to the first date of any local or metastatic disease or, if missing, date of death; acute toxicity (defined as toxicity occurring between the start and up to 3 months after completion of treatment according to the Common Terminology Criteria for Adverse Events [version 3.0]) 21 ; and treatment compliance. OS and PFS were estimated using the Kaplan-Meier method and compared using the log-rank test. Age groups were compared using Pearson chi-squared and Fisher's exact tests where appropriate and continuous variables were compared using Mann-Whitney tests. The statistical analysis was performed using Stata 13.1.
Results
Patients
Between April 2008 and November 2013, 547 patients were randomized to the CONVERT trial. For the purposes of the age-subgroup analysis, 57 patients (32 from the once-daily and 25 from the twice-daily treatment arm, respectively) were excluded because they did not receive protocol treatment; 46 did not receive any radiotherapy, 10 received sequential radiotherapy, and 1 patient received palliative radiotherapy ( Fig. 1 ). More older patients were excluded from this analysis compared to their younger counterparts (20% versus 9%, respectively).
Of the 490 patients included in this analysis, 67 (14%) were aged 70 years or older with a median age of 73 years (range: 70-82 years). There were 21 patients aged 75 years or older and 4 patients aged 80 years or older. The median age of the younger group was 60 years (range: 29-70 years). Among the patients 70 years or older, 29 (43%) and 38 (57%) were randomized to the twice-daily and once-daily radiotherapy arms, respectively. Baseline characteristics (Table 1) were well balanced apart from more male patients (p ¼ 0.02) and ex-smokers (p ¼ 0.003) in the elderly group. There were no statistically significant differences in PS or dyspnea score among the two age groups (Table 1) . Notably, there were only two older patients with a PS of 2; one was randomized to the twice-daily treatment arm, and one to the once-daily arm.
Treatment Delivered
The majority of patients received 4 chemotherapy cycles (64% elderly versus 63% younger) with no significant difference in those who received less than 4 compared to 4 or more cycles in the two groups (p ¼ 0.24). A similar number of older compared to younger patients received 5 or 6 chemotherapy cycles (21% versus 26%, respectively, p ¼ 0.48). Radiotherapy compliance was worse in the elderly with significantly fewer patients receiving the optimal number of fractions (more than 30) as per protocol (73% elderly versus 85% younger, p ¼ 0.03) ( Table 2) . 8 More younger patients completed radiotherapy within the optimal treatment time defined in the protocol (19 to 21 days in the twicedaily and 45 to 47 days in the once-daily groups, respectively), but this did not reach statistical significance (41 (61%) older versus 298 (71%) younger patients, respectively; p ¼ 0.153) ( Table 2) . 8 In the twice-daily radiotherapy arm, 19 of 29 older patients (66%) completed chemotherapy compared to 23 of 38 older patients (61%) in the once-daily arm. A similar proportion of elderly patients received more than 30 fractions of radiotherapy as per protocol in both treatment arms: 22 (76%) and 27 patients (71%) in the twice-daily and once-daily radiotherapy arms, respectively (Table 2) .
Of the 21 patients older than 75 years, 11 did not complete their planned chemotherapy and 4 did not receive the intended radiotherapy. All 4 patients who were 80 years or older completed radiotherapy; however, only 1 completed their planned chemotherapy. A similar proportion of patients in both groups received PCI: 59 (88%) versus 377 (89%) in the elderly and younger groups, respectively, including two older patients older than 80 years.
Thirty-seven of 57 patients who were excluded from this analysis due to treatment protocol violations did not complete chemotherapy. Within the same group, only 2 of 10 patients who received sequential radiotherapy completed treatment. (Fig. 2A) . The median time to local or distal disease progression was 18 months (95% CI: 13-31) in the elderly and 16 months (95% CI: [14] [15] [16] [17] [18] [19] (Fig. 2B) . Two-year and OS rates were similar independent of treatment arm in elderly patients: 30 months (95% CI: 22-not reached) and 55% (95% CI: 36-71), respectively, in the twice-daily group and 26 months (95% CI: 19-not reached) and 49% (95% CI: 31-64), respectively, in the once-daily group (HR for OS: 0.97, 95% CI: 0.53-1.76; p ¼ 0.91) (Fig. 3) . The median OS and PFS for the protocol violation group was 11 months (95% CI: 8-17) and 7 months (95% CI: 5-12) respectively. Table 3 summarizes the rates of grade 3/4 acute toxicity. Older patients suffered from significantly more neutropenia (84% versus 70%, p ¼ 0.02) and thrombocytopenia (28% versus 18%, p ¼ 0.05) compared to their younger counterparts. However, this did not In the group older than 75 years (n ¼ 21), acute grade 3/4 radiation pneumonitis was reported in one patient (5%), grade 3/4 esophagitis in five patients (24%), grade 3/4 neutropenic sepsis in one patient (5%), and grade 3/4 vomiting in two patients (10%) as shown in Table 4 . All four patients aged 80 years of age or older developed significant toxicity: one patient experienced grade 3 esophagitis; one patient experienced grade 4 leucopenia and grade 3 urinary infection; one patient experienced grade 4 neutropenia, grade 2 pulmonary edema, and grade 3 cardiac ischemic infarction; and one patient died from peripheral arterial ischemia, pancytopenia, and neutropenic sepsis.
Acute Toxicity
Grade 3/4 acute toxicity in elderly patients in the twice-daily radiotherapy group (n ¼ 29) and once-daily radiotherapy group (n ¼ 38) was recorded as: radiation pneumonitis 0 (0%) versus 2 (5%), esophagitis 4 (14%) versus 9 (24%), neutropenic sepsis 3 (10%) versus 0 (0%), thrombocytopenia 10 (34%) versus 9 (23%), and vomiting 2 (7%) versus 0 (0%), respectively.
There were eight treatment-related deaths, two in the elderly and six in the younger group (3% versus 1.4%, p ¼ 0.67). In the elderly group, one patient died from neutropenic sepsis and one from dementia attributed to PCI. In the younger group, causes of death included neutropenic sepsis in two patients, radiation pneumonitis in two patients, sepsis in one patient, and bronchial pneumonia in one patient. There were seven cardiovascular deaths in the younger group and none in the elderly group.
In the protocol violation group (n ¼ 57), none of the patients developed grade 3/4 radiation pneumonitis or esophagitis. Twenty-one patients (37%) developed acute grade 3/4 neutropenia, five patients (9%) grade 3/4 infection, three patients (5%) grade 3/4 neutropenic sepsis, three patients (5%) grade 3/4 thrombocytopenia, and two patients (4%) grade 3/4 vomiting.
Discussion
In this study, we report the results of the agesubgroup analysis of the CONVERT trial, the largest chemoradiotherapy randomized trial to date in LS-SCLC. The results showed comparable survival and toxicity between older and younger patients who participated in the trial. We defined older patients as those aged 70 years or more as this cutoff has been commonly used as the age limit for entry into lung cancer clinical trials. Trial data to inform treatment decisions in this patient group are limited and more than 10 years old. A phase II trial of concurrent accelerated hyperfractionated radiotherapy (1.5 Gy/fraction twice daily to a total dose of 45 Gy) and carboplatin/etoposide chemotherapy showed a median survival of 15 months, 5-year survival of 13%, and tolerable toxicity in 72 fit patients with LS-SCLC aged 70 years or more. 22 Analysis of the Surveillance, Epidemiology and End ResultsMedicare data from 565 patients who were older than 65 years between 1992 and 2007 showed similar survival with the use of concurrent chemoradiotherapy with cisplatin/etoposide compared to carboplatin/etoposide (median survival 13.8% versus 13.7%, respectively). 23 Apart from the CONVERT trial, the only other agegroup analysis from a randomized controlled trial investigating concurrent chemoradiotherapy in LS-SCLC (Intergroup 0096) showed similar survival outcomes between age groups. However, worse hematological toxicity and treatment-related mortality was reported in patients older than the age of 70 years compared to their younger counterparts. 24 In CONVERT, hematological toxicity was higher in the elderly but there was no increased risk of neutropenic sepsis or hospitalization. In contrast to the Intergroup 0096 trial, fatal toxicity was similar in the two age groups of the CONVERT trial, probably reflecting reduced rates of toxicity with the use of advanced radiotherapy techniques. However, the small group of patients aged 80 years or older in the trial experienced severe toxicity including one treatment-related death reported as dementia from PCI. In a meta-analysis of 2140 patients with SCLC, Pignon et al. 25 showed improved survival outcomes with chemoradiotherapy (concurrent, sequential, or alternating) compared to chemotherapy alone in patients younger than 70 years, but this was not shown in older patients (relative risk of death: 1.07, 95% CI: 0.70-1.64). Although the benefit of PCI to OS and intracranial recurrence is well established in SCLC, data on the efficacy and safety of PCI in elderly patients with LS-SCLC are lacking. 26, 27 Early studies report age (older than 60 years) as a factor associated with increased risk for acute and chronic neurotoxicity following PCI, the concurrent administration of chemotherapy with PCI, and a PCI dose greater than 30 Gy. [28] [29] [30] A retrospective analysis of 1926 elderly (aged 70 years or older) LS-SCLC patients using the Surveillance, Epidemiology and End Results database showed that the survival benefit of PCI is maintained for patients older than 70 years, although no toxicity data were presented. 31 A more recent analysis of a cohort of 151 patients aged 70 years or older who were treated with PCI at the MD Anderson Center showed no survival advantage in patients with tumors 5 cm or larger. 32 There are very little data to guide the management of octogenarians with LS-SCLC. Most of the evidence comes from small retrospective series evaluating outcomes in patients with both limited-and extensive-stage disease, often treated with chemotherapy alone and with limited toxicity outcomes. [33] [34] [35] Because of the small number of octogenarians in the CONVERT trial, we cannot draw any firm conclusions on the appropriate management of these patients; however, given the high rates of observed toxicity in this analysis, this should be further investigated in larger studies.
In this analysis, chemotherapy compliance was not different in the two age groups, even in patients who received more than 4 cycles of chemotherapy. Fewer older patients completed the optimal number of radiotherapy fractions; however, radiotherapy compliance was greater than 70% in the elderly with low rates of radiation pneumonitis and esophagitis, indicating that radiotherapy, even when administered in a twice-daily schedule, is well tolerated by older patients. In the Intergroup 0096 study, more older patients failed to complete 4 cycles of chemotherapy compared to their younger counterparts, although radiotherapy compliance was not reported. There were more older patients with a PS of 2 (10%) in the Intergroup 0096 study compared to CONVERT (3%), which could have contributed to the lower treatment compliance. In the CONVERT trial, the two patients in the elderly group with a PS of 2 (aged 76 and 73 years, respectively) completed treatment as per protocol, suggesting that treatment completion could be feasible in less fit patients, although the small number of patients prevents any meaningful conclusions. More older compared to younger patients were excluded from the analysis because they did not receive protocol treatment. This could be due to a number of reasons, including more aggressive disease and concerns regarding increased treatment-related complications in the elderly who generally have a higher comorbidity burden.
Our results are particularly relevant as robust evidence to guide treatment decisions in elderly LS-SCLC patients is lacking. The large retrospective analysis by Corso et al. 16 is the only other recent study that investigated outcomes of older patients (aged 70 years or older) with LS-SCLC following chemoradiotherapy showing a survival benefit of chemoradiotherapy compared to chemotherapy alone (OS 15.6 months versus 9.3 months, respectively, p < 0.001). 16 However, this population-based study did not report on toxicity. This analysis is associated with a number of limitations that restrict the generalizability of the results to elderly patients treated in routine clinical practice. Firstly, despite the absence of an upper age limit in the trial, only a small group of patients (14%) were older than the age of 70 years. Secondly, all patients except two in the elderly cohort had a PS of 0-1. These criteria only apply to a small proportion of elderly patients with LS-SCLC, which highlights the need for adequately powered, elderly-specific clinical trials or for population-based studies which may be more representative of the patients seen in the routine setting. Thirdly, due to the small numbers of patients who are 75 years or older and 80 years or older, preventing any meaningful statistical comparisons, we only provide summary statistics for treatment compliance and toxicity; therefore, the results should be interpreted with caution.
More recently, there has been interest in investigating physiological or functional parameters rather than chronological age in treatment decisions. However, there is still a lack of consensus on the definition of "elderly" patients. Introduction of tools such as the Comprehensive Geriatric Assessment (CGA), which provides a holistic, multidisciplinary assessment of the patient's functional status, have been shown to predict cancer-related morbidity and mortality in the elderly. 36 However, the CGA's feasibility and effectiveness in clinical practice has not been yet established, limiting its widespread use. One of the few phase III randomized trials that evaluated treatment allocation in patients with NSCLC based on the CGA showed no difference in survival. However, patients experienced significantly less toxicity of any grade in the CGA arm. 37 Disappointingly, prescreening methods for frailty that could differentiate fit patients able to receive standard of care treatment from those who would benefit from a CGA to personalize treatment have failed to show efficacy. 38 Further research is required to evaluate the utility of these tools in clinical practice. 39 In conclusion, concurrent chemoradiotherapy with modern radiotherapy techniques is safe and effective for fit, older patients with LS-SCLC. Certainly up to the age of 80 years chronological age as a sole factor should not be a barrier to this treatment being offered Future work should concentrate on establishing elderly-specific clinical trials incorporating functional assessment tools.
